During six months, we studied the influence of three extremely different diet modes (normal diet , carbohydrate-rich diet, fat-rich diet ) combined with three defined exercise loads (step test, endurance test fo r 30 minutes, endurance test for 90 minutes) on daily urinary neopterin concentrations of one voluntary subject. Furthermore, plasma neopterin was determmed before, during and after each exercist: load .
Introduction
In humans, neopterin is a relatively stable product of interferon gamma-induced macrophage activity, and ;ts concentration is an indirect measure of both interferon gamm~ levels and mac rophage activity ( 1 ) . It is produced almost exclusively by § Corresp o ndence address: Dr. Gilbert Reibnegger, Medizinisch-C hemisches Institut und Pre gl -Laboratorium, Karl-Franzens-Universitat, Harrachgasse 21/ II , A-8010 Graz, Austria macrophages, due to a functional block in the patl1-way s~rnthesising tetrahydrobiopterin (2) , an essential co-factor for the inducible form of nitric oxide synthase ( 3, 4) . Its role as a marker of inflammation has been well studied in infections, malignancies, autoimmunity and transplantation ( 1) .
The aim of this study was to investigate a possible relationship between urine and plasma neopterin Ieveis and differ~nt kinds of extreme diets, antioxidative su?plementation and single bouts of physical exercise activitic:s focussing the robustness of neopterin as an immune system activation marker.
Material and Methods

Subject
One 28 year old healthy male sports student, non-smoker, with 183 cm body height and weighing 78 kg, volunteered to take part in the study. He was moderately trained (50 ml/kg x mini maximum oxygen uptake=VOzmax) and continued his normal physical activities throughout the entire dietary periods but refrained from strenuous physical exercise for three days preceding each exercise test and 48 hours after each test.
Before starting the first diet block the subject was examined for his individual V0 2 max .
Dietary protocol
Each diet period lasted for 28 days. Three different diet modes were carried out: 1. normal ad libitum diet (as usual in Austria) consisting of 38% of total daily calories as fat, 47% of total daily calories as carbohydrates and 15% of total daily calorie s .lS proteins . 2. carbohydrate-rich diet con-<'lsti ng o f 18' '" o f to t al daily calories as fat, 70% of l (".t:d ~.l.l..h" c.llo rie s as carbohydrates and 12% of totJ.; dJJ h" c.llories as proteins . 3 . fat-rich diet consIsting of 65% of toral daily calories as fat, 20% of total J.ail\-calories as carbohydrates and 15% of total daily calories as proteins .
The daily food consumption was monitored via weighed food records using a computerized nutrient data-bank ( "Ernahrungswissenschaftliches Programm" EWP, dato-De nkwerkzeuge , Vienna, Austria ). To aid adherence to the dietary regimes, palatable menues were made up by a dietician .
Supplementation with antioxidants
Each of the three different diet periods was carried out twice: firstly, without any supplementation, and secondly, with oral antioxidative supplementation. Antioxidants used were: vitamin C, 2 g/ day; vitamin E, 744 mg/ day; !3-carotene, 72 mg/ day; Nacetylcysteine, 4 g/ day . -an intensive endurance test for 30 minutes at 80% of V0 2 max on the 26 th day of each diet period.
Modes of physical exercise
-an extensive endurance test for 90 minutes at 45% of V0 2 max on the 28 th day of each diet period.
At the bicycle tests ventilatory parameters (V02' CO 2 ) were monitored by an open system with constant exhaust (Ergo-Oxyscreen, Jager, Wiirzburg, Germany). Heart rates were monitored (Sporttester PE-4000, Polar-Electro Oy, Kempele, Finland) throughout each exercise test.
Blood sampling
At each exercise test SIX blood samples were drawn by a teflon vein catheter (17G/ 1.4 mm, TriCath In, CODAN Steritex Aps., Espergaerde, Denmark) inserted into a superficial forearm vein.
At the step test the samples were drawn immediately before exercise, after 5 and 10 minutes during exercise, at the end of exercise , and 30 and 60 minutes after the end of exercise .
At the intensive endurance test blood samples were drawn immediately before exercise, after 10 and 20 minutes during exercise, at the end of exercise, and 30 and 60 minutes after the end of exerCIse.
At the ext~nsive endurance test blood samples were drawn immediately before exercise, after 30 and 60 minutes during exercise, at the end of exercise, and 30 and 60 minutes after the end of exerCIse .
Analysis of neopterin
Daily 24 hours-urine was collected in the evening (11 p.m.) into a bottle, mixed and 2 ml were immediately placed into a cuvette. Urine samples were stored at -20nc until analysis and neopterin/ creatinine ratio was determined by reversed-phase HPLC (5) .
100 J.ll EDTA-blood was centrifuged at 3000 U / min. for 10 min and the plasma ( 50 J.ll) was stored at -70 n C until analysis using an enzyme-linked immunosorbent assay (kindly donated by B .RA.H.M.S. Diagnostica GmbH, Berlin, Germany) .
Statistical analysis
Data were compared using analysis of variance and covanance with rereated measurements (program module BMDP2V of BMDP software, BMDP, Cork, Ireland). A P-value below 0.05 was considered significant . A P-value below 0.1 but greater than 0.05 was considered to indicate borderline significance.
Results
Diet
Daily energy intake was about 12500 kJ on average and in each dietary period. Nutrition was, as scheduled, isocaloric throughout the whole experimental period (six months) . Exercise V0 2 max was measured at the bicycle tests. 100% of V0 2 max was only reached at the graded exercise tests and was about 4 ljmin or 51.3+/-5.3 mljkg per min . The diets and the supplemen· tation had no influence on the V0 2 values.
Maximum heart rates at the graded exercise tests raised up to 196 per min I. Heart rates at the intensive endurance tests were stable at 182+/-2 per min, and at the extensive endurance tests at 155+/-5 per min.
Urinary neopterin
V rinary neopterin levels showed a markedly hlgh daily fluctuation, and there were three occasions with infectious complications (Fig. 1) which were accompanied by significantly raised urinary neopterin (about 400 ~mol per mol crea- tinine). However, when comparing neopterin levels according to diet mode, absolutely no difference could be found (Fig_ 2) . Similarly, supplementation had no influence on neopterin levels (Fig. 3) , and no coherent effects of the three different exercise loads on urinary neopterin ievels could be detectt::d.
Plasma neopterin
Plasma neopterin concentrations showed no significant difference between the three different diet modes (Fig_ 4). Again, supplementation had no statistical influence on plasma nt::opterin concentrations (Fig. 5) . A significant difference (p= 0.0282) of neopterin concentrations was observable between the three different exercise modes: while the concentrations were slightly rising during and at the end of the two endurance tests (W2, W3, W4), values remained almost at the same level during the graded exercise tests (Fig. 6) . However, the rise of the values at the endurance tests did not exceed 1.5 nmol/1. 
Discussion
Concerning interactions between physical exercise and the immune system, recently the opinion prevails that moderate exercise may have beneficial effects upon immune function, whereas intensive exercise, particularly if performed repeatedly or for a long period of time, may impair adaptive immune reactions (6) (7) (8) (9) . The threshold for such an adverse immune reaction appears to depend upon the relative intensity of effort. Unaccustomed or excessive exercise may shift the threshold downwards and render the athlete increasingly vulnerable to infectious illness (10 ) . In our study we used three different exercise intensities and durations possibly to identity such a threshold.
Consequently several workers assume that physical exercise induces changes in cell mediated imPteridines/ Vol. 8 munity, many of which are mediated by cytokines (11, 12) . Measurement of such changes by quantitation of cytokine levels, however, may be difficult because cytokines frequently can be short in duration and are rapidly degraded. In contrast, measurement of neopterin seems to be more relevant since this pteridine derivative is a quite stable product of activated cell-mediated immunity be· ing readily detectable in both plasma and urine ( 10) . An increase in neopterin production post-exercise is consistent with monocyte/macrophage activation ( 10) . The observation that monocyte number can increase two-to three -fold post-exercise may also contribute to this response (13 ) . Activated monocytes and macrophages are known to exert a pervasive immunomodulatory role by secreting cytokines such as interleukin-l and TNFa (10).
However, in our investigation we could not find any post-exercise (30 and 60 minutes after exercise ) increase in neopterin concentrations, neither in urine nor in plasma. We assume that the intensities and durations of our exercise modes were not high/long enough to find such an postexercise neopterin increase.
We noted a very small increase in plasma neopterin concentrations during and at the end of the endurance tests but we suggest that such nearly negligible alterations of neopterin concentrations in the blood compartment are simply due to slight changes of renal function and/or hemodynamics . The return to baseline values postexercise (W5, W6 ) underscores this assumption.
We cannot fully explain the unusual high fluctuations of daily urinary neopterin concentrations. Interestingly, also J akeman et at. (10) found Slmilar fluctuations in highly trained athletes.
The major conclusion to be drawn from our results is the finding that plasma and urinary neopterin concentrations are completely ar.d mva,-iably independent of the three different extreme diet modes as well as of the strong antioxidative vitamine supplementation. Clearly, independence of dietary influences is a critical requirement for a marker of immune activation. A host of clinical investigations on the utility of neopterin measurement to aid in clinical practice has already pointed an unusual insensitivity of neopterin regarding exogenous influences on the patients . However, despite there have been reported several studies on neopterin and physical exercise ( 14-18), presently we know of only one other publication explicitly investigating the interaction bt::tween neopterin concentrations in urine/ plasma and different diet modes/vitamine supplementation (18) . Our results underscore the stability and robustness of neopterin as a biochemical marker of cellular immune activation and its independence of extreme diet modes as well as of high antioxidative vit2.mine supplementation. The exercise prol:ocols we used in the present study did also not influence urinary or plasma neopterin concentrations. These findings seem to be particularly important when one compares them with the dramatic changes in neopterin concentrations in diverse body fluids which are observed when cell-mediated lmmune system is activated in disease states.
